AD*A084  843  MISSISSIPPI  UNIV  UNIVERSITY  DEPT  OF  ELECTRICAL  EN6IN— ETC  F/S  9/5 

ANTENNA  ANALYSES:  OBJECTS  NEAR  ANTENNAS  AND  MICROSTRIP  ANTENNAS— ETC tU) 
FEB  80  C  M  BUTLER  DAA629-76-6-0285 

UNCLASSIFIED  ARO-14107.7-ELX  NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NAUONAt  RURtAU  OF  SlANDARDS  l%J  A 


DOC  FILE  COPvT  ad  A  0  8  48  43 


AldtfMfa.  7-EtX 


^ANTENNA JNALYSES:  J&JECTS  NEAR  £NTENNAS  AND  J4ICROSTRIP  ^NTENNAS^ 
(jf  ^INAL  REPillT.  ~J(\  PU 

'  - - ]  3>ec  ■  i 

_ by _ 

Ooj  ^halmers  ij*^uTLER  \ 


//  j  FEBI 


U.  S.  ARMY  RESEARCH  OFFICE 

QE) - __ 

GRANT~NOJ^)AAG29-76-G-^285 


DEP»,n**f  OF  ELECTRICAL  ENGINEERING  . 
UNIVEWMY  OF&ISSISSIPPI  „ 
UNIVERSITY,  MS  38677 


OTIC 

kELECTE 
MAY  2  8  1980 


D 


APPROVED  FOR  PUBLIC  RELEASE; 
DISTRIBUTION  UNLIMITED. 


4 o ‘J  373- 

80  5  27 '  286 


THE  VIEW,  OPINIONS,  AND/OR  FINDINGS  CONTAINED  IN  THIS  REPORT  ARE  THOSE  OF  THElAUTHOR(S) 

AND  SHOULD  NOT  BE  CONSTRUED  AS  AN  OFFICIAL  DEPARTMENT  OF  THE  ARMY  POSITION,  POLICY,  OR 
DECISION,  UNLESS  SO  DESIGNATED  BY  OTHER  DOCUMENTATION. 

c.~~  i 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAOE  fWhOT  D«»«  *»«•»« 


REPORT  DOCUMENTATION  PAGE 


REAP  INSTJIUCTtOWS 
BEFORE  coupletino  form 


»■  recipient^  catalog  nunmr 


14.  TITLE  (m*4  9vbiUtm) 


Antenna  Analyses:  Objects  Near  Antennas  and 
Mlsrostrlp  Antennas 


s.  TYPE  OP  REPORT  *  PERIOD  COVEREO 


4.  PERFORMING  ORG.  REPORT  NUMBER 


IT.  AUTHORS 


I  8.  CONTRACT  OR  GRANT  NUMBERfa) 


Chalmers  Ms  Butler 

•  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

Department  of  Electrical  Engineering 
University  of  Mississippi 
University,  MS  38677 _ 

It.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.  S.  Army  Research  Office 

Post  Office  Box  12211 

Research  Triangle  Park,  NC  27709 


DAAC29-76-C-0285 

10.  PROGRAM  ELEMENT,  PROJECT,  TASK 
AREA  A  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

February,  1980 

19.  NUMBER  OF  PAGES 


MONITORING  AGENCY  NAME  A  AOORCSSflf  <0  ttormi  from  Control  ting  Offico)  |  IS.  SECURITY  CLASS,  (o  I  thtm  report) 


1 1«.  DISTRIBUTION  STATEMENT  fp#  Ml  Hiporij 


Unclassified 

15*.  DECL  ASSI  Ft  C  ATI  ON/  OOWN  GR  ADIN  G 
SCHEDULE 


Approved  for  public  release;  distribution  unlimited. 


[17.  DISTRIBUTION  STATEMENT  (ol  tl »•  mbitrmct  entered  in  Block  20,  tl  different  from  Report) 


The  view,  opinions,  and/or  findings  contained  in  this  report  are  those  of  the 
authors (s)  and  should  not  be  construed  as  an  official  Department  of  the  Army 
position,  policy,  or  decision,  unless  so  designated  by  other  documentation. 

It.  KEY  WORDS  (Conttmrnm  on  ro nm  aid*  It  necoeemry  tmd  Identity  by  block  number) 

Antennas,  Integral  Equations,  Numerical  Methods 


^ABSTRACT  fConrlmM  on  rmomrmm  old •  II  nocooomy  m nd  Idontlty  by  block  number) 

In  this  reportjLs  presented  a  description  of  the  research  and  accomplishments 
achieved  under  Grant  DAAG29-76-G-0285  from  the  Ur-^r-Army^Research  Office  to 
the  Department  of  Electrical  Engineering,  University  of  Mississippi,  ^fhe 
research  work  encompassed  two  classes  of  antenna  analyses.  One  was  an  invest!* 
gation  of  the  effects  of  a  nearby  object  upon  an  antenna  and  its  performance 
and  the  other  was  a  study  of  the  center-fed,  circular  microstrip  antenna. _ _ 


FORM 
I  JAN  71 


EDITION  OF  1  NOV  ••  It  OBSOLETE 


_ UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWhwt  Dm tm  Sntoemd) 


TABLE  OF  CONTENTS 


Foreword 


Problems  Investigated 
Analysis  and  Findings 


Antenna  with  nearby  Object . * 


Microstrip  Antenna 


Grant  Participants 


Appendix 


|  1  For 

l  KVi* 

1  LV.;C 

I  V  )*u*t©d 
i  icatioii,, 


i  J  J  RtrlVUtiC^V - 

1 _ j t.T 

1  Avail  and/or 

Dis/J  special 


» 


FOREWORD 


This  is  the  final  report  of  research  accomplishments  by  the  Department 
of  Electrical  Engineering,  University  of  Mississippi,  under  the  sponsorship 
(Grant  DAAG29-76-G-0285)  of  the  U.  S.  Army  Research  Office.  This  report 
contains  a  brief  description  of  the  problems  investigated,  a  summary  of  the 
analysis  and  findings,  a  list  of  participants  in  the  work  with  an  indication 
of  a  degree  earned,  and  an  appendix  listing  the  publications  resulting  from 
the  research  effort. 


PROBLEMS  INVESTIGATED 

In  this  investigation,  two  classes  of  antenna  analyses  were  performed, 
both  being  based  upon  the  formulation  and  numerical/analytical  solution  of 
integral  equations.  In  one  phase  of  the  study,  the  effect  of  a  nearby  object 
upon  the  performance  of  a  wire  ("whip'*)  antenna  was  investigated.  Numerous 
nearby  objects  were  considered,  including  one  which  crudely  represented  electro- 
magnetically  a  human  being  and  others  which  might  represent  bodies  that  could 
strongly  degrade  antenna  performance.  In  the  other  phase,  a  radial,  parallel- 
plate  waveguide  with  an  annular  slot  in  its  upper  plate  was  analyzed.  This 
structure  is  of  interest  in  itself  and,  in  addition,  with  a  sufficiently 
wide  slot,  its  behavior  replicates  that  of  a  circular  microstrip  antenna 
providing  one  a  tractable  model  upon  which  to  base  a  theoretical  analysis  of 
the  microstrip  radiator. 


ANALYSIS  AND  FINDINGS 
Antenna  with  nearby  Object 

In  the  first  phase  of  the  research  work,  an  analysis  of  a  thin-wire  an¬ 
tenna  in  the  presence  of  a  sphere  was  undertaken.  The  results  of  this  analysis 
enable  one  to  assess  the  influence  of  the  presence  of  a  nearby  object  upon 
the  operating  characteristics  of  an  antenna.  Even  though  the  object  is 
taken  to  be  a  sphere  for  analytical  expediency,  the  data  are  of  value  to 
those  who  must  consider  antennas  radiating  in  the  vicinity  of  general  objects. 
An  integro-dif ferential  equation  was  formulated  for  the  total  axial  current 
I  on  the  thin-wire  antenna  and  this  equation  was  solved  numerically.  The 
kernel  of  the  equation  includes  a  dyadic  Green's  function  which  accounts  for 


the  presence  of  the  sphere  and  which  was  carefully  developed  for  either  a 

perfectly  conducting  sphere  or  a  general  sphere  of  material  (y,  ,  e.  ),  where 

b  b 

can  be  taken  to  be  complex  to  account  for  losses.  Input  admittance  of 
the  ntonopole  in  the  presence  of  the  sphere  was  computed  from  knowledge  of 
I  and,  for  the  special  case  of  a  nearby  conducting  sphere,  was  corroborated 
by  means  of  measured  results.  Radiation  patterns  for  the  antenna/sphere 
structure  were  determined  from  computations.  It  was  found  that  the  presence 
of  the  sphere  significantly  affected  the  input  admittance  and  also  the  ra¬ 
diation  pattern  of  the  wire/sphere  structure. 

With  confidence  gained  from  the  study  of  the  problem  of  the  sphere 
near  the  wire  antenna,  the  investigators  next  undertook  the  more  difficult 
problem  of  determining  the  influence  on  the  characteristics  of  a  thin  linear 
antenna  due  to  the  presence  of  a  nearby  perfectly  conducting  body  of  revolu¬ 
tion  (BOR).  In  practical  applications  antennas  often  are  located  near  other 
conducting  structures,  many  of  which  may  be  approximately  modeled  as  bodies 
of  revolution,  and  it  is  therefore  desirable  to  be  able  to  analyze  such 
configurations  accurately  in  order  to  design  a  system  for  optimum  perfor¬ 
mance.  The  close  proximity  of  a  BOR  to  a  radiating  antenna  may  have  a  sig¬ 
nificant  effect  on  antenna  properties  such  as  input  impedance  and  radiation 
pattern.  The  resonant  frequency  of  the  antenna  may  even  be  altered.  Many 
practical  structures  may  be  modeled  as  bodies  of  revolution.  For  example, 
a  missile  may  be  modeled  as  a  cylinder  with  a  conical  or  spherical  cap, 
a  satellite  as  a  closed  cylinder  or  sphere,  a  spacecraft  re-entry  vehicle 
as  a  truncated  cone  topped  by  a  cylinder,  a  smokestack  as  an  open-ended 
cylinder,  etc.  The  presence  of  the  body  was  accounted  for  by  a  numerical, 
dyadic  Green’s  function  and  the  modified  wire  equation  was  solved  by  numerical 
techniques  to  obtain  the  current  distribution  on  the  wire.  The  effects  of 
various  bodies  on  input  admittance  were  compared  with  results  for  an  isolated 
antenna.  Measured  and  theoretical  input  admittance  data  for  a  monopole  near 
several  different  bodies  of  revolution  were  found  to  be  in  good  agreement. 

It  was  found  that  the  nearby  body  influenced  the  antenna  admittance  signi¬ 
ficantly.  Shape,  size,  and  orientation  of  the  body  relative  to  the  antenna 
were  found  to  be  important. 

The  above  analysis  was  extended  to  the  case  in  which  the  BOR  was  of 
lossy  material  and  of  the  (rough)  shape  of  a  human  being.  The  numerical 
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procedure  for  solving  the  equation  for  current  on  the  wire  near  the  lossy 
body  of  revolution  became  very  complex  and  involved  extensive  computer 
programming  and  time.  Acceptable  results  were  obtained  for  the  antenna 
near  the  "man11  but  the  cost  in  computer  resources  and  the  limitations  of 
computing  facilities  here  at  the  University  of  Mississippi  forced  the 
investigators  to  greatly  reduce  the  scope  of  this  part  of  the  study. 

During  the  course  of  the  investigation  described  above,  a  useful  al¬ 
ternate  form  was  discovered  for  the  traditional  thin-wire  equations.  The 
free  space  Green’s  function  of  electromagnetics  was  transformed  to  a  form 
which  simplifies  analyses  of  general  wire  structures.  The  useful  property 
of  the  new  form  is  that  it  enables  one  to  compute  the  electric  field  compo¬ 
nent  E  by  applying  only  +  k2  to  a  potential  integral  (with  new  Green’s 

s  (3s  J 

function)  even  though  such  integral  is,  in  general,  to  be  taken  over  currents 
that  are  not  s-directed.  It  can  be  shown  that  the  transformation  effectively 
yields  Eg  in  terms  of  a  TM  representation. 

Microstrip  Antenna 

In  the  second  phase  of  the  research  work,  attention  was  devoted  to  the 
microstrip  antenna.  The  investigators  studied  the  circular  disk  microstrip 
antenna  from  the  viewpoint  of  aperture  theory  and,  in  addition,  performed 
computations  of  radiation  admittance  at  the  edge  of  a  straight-sided  micro¬ 
strip  antenna. 

To  gain  knowledge  of  the  microstrip  radiation  admittance,  an  analysis 
was  performed  on  a  parallel-plate  guide  with  a  very  wide  slot  in  its  upper 
plate.  For  a  sufficiently  wide  slot,  the  slotted  guide  with  truncated  di¬ 
electric  is  a  good  model  for  the  rectangular  microstrip  insofar  as  compu¬ 
tation  of  the  edge-radiation  admittance  (per  unit  length)  boundary  condition 
is  concerned.  Results  obtained  from  this  model  are  improvements  upon  the 
approximations  employed  heretofore. 

In  the  case  of  the  circular  microstrip  antenna,  an  accurate  model  was 
developed  and  analyzed.  The  center-fed  circular  microstrip  was  viewed  as 
a  coax-driven  radial  waveguide  terminated  in  an  aperture.  An  integral 
equation  was  formulated  and  subsequently  solved  numerically  for  the  aperture 
electric  field.  From  knowledge  of  the  aperture  electric  field,  the  load  on 
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the  coax-to-radial-guide  junction  was  computed  as  was  the  field  radiated 
by  the  structure.  Rather  extensive  data  have  been  complied  for  this  problem 
and  the  Investigators  continue  to  study  it. 
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1.  The  following  papers  have  been  published  in  journals  and  proceedings, 

A.  Butler,  C.  M. ,  and  E.  K.  Yung,  '’Analysis  of  a  Terminated,  Parallel- 
Plate  Waveguide  with  a  Slot  in  Its  Upper  Plate,"  Annales  des  Tele¬ 
communications  ,  Vol.  34,  Nos.  9-10,  pp.  451-458,  Sept, -Oct.,  1979. 

B.  Butler,  C.  M. ,  and  D.  R.  Wilton,  "A  Transformation  of  the  Free  Space 
Green's  Function  with  Applications  to  Analysis  of  Wire  Structures," 
IEEE  Trans.  Antennas  and  Propag. ,  Vol.  28,  No.  1,  pp.  108-111,  Jan., 
1980. 

C.  Butler,  C.  M. ,  "Analysis  of  a  Coax-Fed  Circular  Microstrip  Antenna," 
Proceedings  of  the  Workshop  on  Printed  Circuit  Antenna  Technology, 
Physical  Science  Laboratory  (Sponsored  by  Army  Research  Office), 

Las  Cruces,  NM,  pp.  13-1  -  13-17,  Oct.,  1979. 

D.  Keshavamurthy,  T.  L. ,  and  C.  M.  Butler,  "Analysis  of  a  Finite-Width 
Slot  in  the  Upper  Plate  of  a  Parallel-Plate  Waveguide  Having  a 
Truncated  Interior  Dielectric,"  Proceedings  of  SouthEastCon  '80, 
pp.  252-255,  Nashville,  TN,  April,  1980. 

E.  Butler,  C.  M, ,  and  T.  L.  Keshavamurthy,  "Analysis  of  a  Wire  Antenna 
in  the  Presence  of  a  Sphere,"  IEEE  Transactions  on  Electromagnetic 
Compatability,  Vol.  EMC-22,  No.  2,  pp.  113-118,  May,  1980. 

2.  The  following  paper  has  been  accepted  for  publication. 

Glisson,  A.  W, ,  and  C.  M.  Butler,  "Analysis  of  a  Wire  Antenna  in  the 
Presence  of  a  Body  of  Revolution,"  IEEE  Trans,  on  Antennas  and  Propag. 

3.  The  following  paper  has  been  accepted  for  presentation  and  publication 

in  the  proceedings  of  the  meeting. 

Butler,  C.  M. ,  and  T.  L.  Keshavamurthy,  "Analysis  of  a  Parallel-Plate 
Radial  Waveguide  Having  an  Annular  Slot  in  its  Upper  Plate  and  Being 
Fed  by  a  Coaxial  Guide,"  International  U.R.S. I.  Symposium  1980 
Proceedings ,  Munich,  Federal  Republic  of  Germany,  August,  1980. 

4.  The  following  papers  have  been  submitted  to  journals. 

A.  Keshavamurthy,  T.  L. ,  and  C.  M.  Butler,  "Characteristics  of  a  Slotted 
Parallel-Plate  Waveguide  Filled  with  a  Truncated  Dielectric,"  IEEE 
Transactions  on  Antennas  and  Propagation  (submitted  to). 
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B.  Butler,  C.  M. ,  and  T.  L.  Keshavaaurthy,  "Investigation  of  a  Radial, 
Parallel-Plate  Waveguide  with  an  Annular  Slot,  Radio  Science 
(submitted  to). 
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Bodies  of  Revolution  ind  Its  Applications,"  USNC/URSI  Meeting,  Boulder, 
Colorado,  January  1978. 
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National  Radio  Science  Meeting  (USNC/URSI),  Boulder,  Colorado, 

November,  1978. 

D.  Wu,  T.  K. ,  and  C.  M.  Butler,  "Analysis  of  the  Man-pack  Radio  Antenna 
above  Ground,"  National  Radio  Science  Meeting  (USNC/URSI),  Boulder, 
Colorado,  November,  1978. 

E.  Gllsson,  A.  W. ,  and  C.  M.  Butler,  "Investigation  of  an  Arbitrarily 
Oriented  Thin-Wire  Antenna  Near  a  Body  of  Revolution,"  National  Radio 
Science  Meeting  (USNC/URSI),  Boulder,  CO,  Nov.,  1979. 
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